o 



> 
oo 



in 



X 



Radiative decay into 7-baryon decuplet of dynamically 

generated resonances 



o 

O 1 9 

(N '. Bao-Xi Sun^ and E. Oset^ 



March 30, 2009 



^ Institute of Theoretical Physics, College of Applied Sciences, 
r-| ! Beijing University of Technology, Beijing 100124, China 

Ph| ^ Departamento de Ffsica Teorica and IFIC, Centro Mixto Universidad de Valencia-CSIC, 
JlLi' Institutos de Investigacion de Paterna, Aptdo. 22085, 46071 Valencia, Spain 

Abstract 

We study the radiative decay into 7 and a baryon of the SU(3) decuplet of ten 
resonances that are dynamicaUy generated from the interaction of vector mesons with 
pr^ I baryons of the decuplet. We obtain quite different partial decay widths for the various 

resonances, and for different charge states of the same resonance, suggesting that the 
experimental investigation of these radiative decays should bring much information 
' on the nature of these resonances. 

o 
a^ 
o 



1 Introduction 



In a recent paper pLj, the pA interaction was studied within the local hidden gauge for- 
I malism for the interaction of vector mesons. The results of the interaction gave a natural 
interpretation for the A(1930)(5/2~) as a pA bound state, which otherwise is extremely 
problematic in quark models since it involves a Shu excitation and appears with much 
higher mass. At the same time two states with = 1/2^, 3/2^ were obtained, degenerate 
with the 5/2~, which could be accommodated with two more known A states in that energy 
range. Also, three degenerate V* states with l/2~, 3/2~, 5/2~ were obtained, which were 
more difficult to identify with known resonances since that sector is not so well established. 
The work of [Ij was extended to the SU(3) sector in [2| to account for the interaction of 
vectors of the octet with baryons of the decuplet. In this case ten resonances, all of them 
also degenerate in the three spin states, were obtained, many of which could be identified 
with existing resonances, while there were predictions for a few more. At the same time 
in [2] the poles and residues at the poles of the resonances were evaluated, providing the 
coupling of the resonances to the different vector-baryon of the decuplet components. 
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One of the straightforward tests of these theoretical predictions is the radiative decay of 
these resonances into photon and the member of the baryon decuplet to which it couples. 
Radiative decay of resonances into is one of the observables traditionally calculated 
in hadronic models. Work in quark models on this issue is abundant [31 HI El El [3, El E], 
flOl im [T2I [T3l [HI [151 [El [13, [ISj ■ For resonances which appear as dynamically generated 
in chiral unitary theories there is also much work done on the radiative decay into 
[m [201 [2ll|22ll23]. Experimental work in this topic is also of current interest [^[261127]. 

In the present work we address the novel aspect of radiative decay into a photon and a 
baryon of the decuplet of the A, since the undelying dynamics of the resonances that we 
study provides this as the dominant mode of radiative decay into photon baryon. This is so, 
because the underlying theory of the studies of [H [2] is the local hidden gauge formahsm for 
the interaction of vector mesons developed in [28l [29l [30] , which has the pecuhar feature, 
inherent to vector meson dominance, that the photons couple to the hadrons through the 
conversion into a vector meson. In this case a photon in the final state comes from either 
a p'^,uj,(j). Thus, the radiative decay of the resonances into 7-B is readily obtained from 
the theory by taking the terms with p^B,ujB,(f)B in the final state and coupling the 7 
to any of the final p°,u;,0 vector mesons. This procedure was used in [BlJ and provided 
good results for the radiative decay into 77 of the /o(1370) and /2(1270) mesons which 
were dynamically generated from the pp interaction within the same framework [32] . This 
latter work was also extended to the interaction of vectors with themselves within SU(3), 
where many other states are obtained which can be also associated with known resonances 
[33] . Given the success of the theory in its predictions and the good results obtained for the 
77 decay of the /o(1370) and /2(1270) mesons, the theoretical framework stands on good 
foot and the predictions made should be solid enough to constitute a test of the theory by 
contrasting with experimental data. 

The experimental situation in that region of energies is still poor. The PDG [51] quotes 
many radiative decays of A^* resonances, and of the v4i/2, ^3/2 helicity amplitudes for decay 
of resonances into 7A^, with N either proton or neutron. However, there are no data to our 
knowledge for radiative decay into 7!?, with B a baryon of the decuplet. The reason for it 
might be the difficulty in the measurement, or the lack of motivation, since there are also 
no theoretical works devoted to the subject. With the present work we hope to reverse the 
situation offering a clear motivation for these experiments since they bear close connection 
with the nature invoked for these resonances, very different to the ordinary three quark 
structure of the baryons. In fact, the numbers obtained for the radiative widths are well 
within measurable range, of the order of 1 MeV, and the predictions are interesting, with 
striking differences of one order of magnitude between decay widths for different charges 
of the same resonance. 

The work will proceed as follows. In the next two Sections we present the framework for 
the evaluation of amplitudes of radiative decay. In Section 4 we show the results obtained 
for the different resonances and in Section 5 we finish with some conclusions. 
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2 Framework 

In Ref. [H E], the scattering amplitudes for vector-decuplet baryon VB V'B' are given 
by 

tvB-^V'B' = t ^' Sms,m'^, (1) 

where e, el refer to the initial and final vector polarization and the matrix is diagonal in 
the third component of the baryons of the decuplet. The transition is diagonal in spin of 
the baryon and spin of the vector, and as a consequence in the total spin. To make this 
property more explicit, we write the states of total spin as 

\S,M) = 5]C(3/2,l,^;m„M-m„M)|3/2,m,)|eM-™J (2) 

rris 

and 

(5,M| = 5:C(3/2,l,5;m'„M-m;,M)(3/2,m'J(e-;*_^,|, (3) 

where C (3/2, 1, 5; m^, M — rris, M) are the Clebsch-Gordan coefficients and the polar- 
ization vectors in spherical basis 

e+ = ^ ^^2) , e- = (ei - ies) , eo = £3- (4) 

We can write Eq. ([T]) in terms of the projectors IS*, M){S, M\ as 

tvB-,v'B' = t(e^|(3/2,m;|^|S,M)(S,M|3/2,m,)|e). (5) 

S,M 

Since the Clebsch-Gordan coefficients satisfy the normalization condition 

^ C (3/2, 1, 5; m„ M -m„M)C (3/2,1,^; ml, M'-m;,M') = (6) 
s 

we have then 

Y,\S,M){S,M\ = ^5:|3/2,m,)(3/2,m,| |eM_^J(e5M_^J (7) 

S,M M rris 

= EEl3/2,m,)(3/2,m,| \eM' ){e*M'\ = 1- 

M' rris 

We can depict the contribution of a specific resonant state of spin S to the amplitude 
described by means of Fig. [H Then the amplitude for the transition of the resonance 
to a final vector-baryon state is depicted by means of Fig. [21 As shown is Ref. [U |2], 
the VB V'B' scattering amplitudes develop poles corresponding to resonances and a 
resonant amplitude is written as Eq. ([1]) with t given by 



Figure 1: Diagram contributing to the vector-baryon interaction via the exchange of a 
resonance. 




Figure 2: Diagram on the decay of the resonance in a decuplet baryon and a vector meson. 

with Qi and gj the couphngs to the initial and final states. Accordingly, the amplitude for 
the transition from the resonance to a final state of vector-baryon is given by 

tsM^V'B' = gi{e]{3/2,ms\S,M) 

= giCi3/2,l,S;ms,M-m,,M){e\eM-m^. (9) 

When calculating the decay width of the resonance into VB we will sum |tp over the vector 
and baryon polarization, and average over the resonance polarization M. Thus, we have 

^ Y E \tsM^V'B'\' (10) 



M,ms,e 

E C{3/2,l,S■,m,,M-ms,Mf{^*M-m^^{^eM-m^ 

M,ms ,e 

1 29-1-1 
\9^\'7T^-7 E E -^C{3/2, S, 1; m„ + M', -M'fif^M^eM') 



3 M' 



where in the first step we have permuted the two last spins in the Clebsch-Gordan coeffi- 
cients and in the second we applied their orthogonality condition. 
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We observe that the normahzation of the amphtudes is done in a way such that the 
sum and average of Itp is simply the modulus squared of the coupling of the resonance to 
the final state. The width of the resonance for decay into VB is given by 

^« I |2 

q \9i\ , (11) 



27rM, 



R 

where q is the momentum of the vector in the resonance rest frame and Mb, Mr the masses 
of the baryon and the resonance. We should note already that later on when the vector 
polarizations are substituted by the photon polarizations in the sum over M' in Eq. (fTOl) we 
will get a factor two rather than three, because we only have two transverse polarizations, 
and then Eq. (ITT]) must be multiplied by the factor 2/3. 



3 Radiative decay 

Next we study the radiative decay into -B7 of the resonances dynamically generated in 
Ref. [2] with B a baryon of the decuplet. Recalling the results of [2] we obtained there ten 
resonances dynamically generated, each of them degenerated in three states of spin, l/2~, 
3/2~, 5/2~. As we have discussed in the former section, the radiative width will not depend 
on the spin of the resonance, but only on the coupling which is the same for all three spin 
states due to the degeneracy. This would be of course an interesting experimental test of 
the nature of these resonances. 




Figure 3: Diagram on the radiative decay of the resonance in a decuplet baryon and a 
photon. 

In order to proceed further, we use the same formalism of the hidden gauge local 
symmetry for the vector mesons of [28l [29l [30] . The peculiarity of this theory concerning 
photons is that they couple to hadrons by converting first into a vector meson, p°, uj, 
(f). Diagrammatically this is depicted in Fig. [31 This idea has already been applied with 
success to obtain the radiative decay of the /o(1270) and /o(1370) resonances into 77 in 
Ref. [31j. In that work the question of gauge invariance was addressed and it was shown 
that the theory fulfills it. In Ref. ^35j, it is also proved in the case of radiative decay of 
axial vector resonances. 
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The amplitude of Fig. [3] requires the 'jV convertion Lagrangian, which comes from 
Refs. [281 ISni [30] and is given by (see Ref. [35] for practical details) 
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with the photon field, the SU(3) matrix of vector fields 



V„. 



K* 



K*+ \ 



(12) 



(13) 



and Q the charge matrix 



Q 



I 2/3 


V 





'1/3 





(14) 



In Eq. ( [T2|) . My is the vector meson mass, for which we take an average value M\, 
SOOMey, e the electron charge, e^ = 47ra, and 

. My 
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2/ 



/ = 93Mey. 



The sum over polarizations in the intermediate vector meson, which converts the polariza- 
tion vector of the vector meson of the R BV amplitude into the photon polarization of 
the R — > -B7 amplitude, leads to the equation 



— itjyDy 



-iM? 



with 



73 ^^'^ Z'"' 
-\ for 0. 



(15) 



(16) 



Thus, finally our amplitude for the R transition, omitting the spin matrix element 

of Eq. ([9]) , is given by 



t. 



e 
9 



(17) 



As discussed in the former section, the radiative decay width will then be given by 



1 2 M 



B 



q \t^ 



' 27r 3 

The couplings Qj for different resonance and VB with V = p^, u, and B different 
baryon of the decuplet can be found in Ref. [2] and we use them here for the evaluation of 
r^. The factor | in eq. ffTS]) additional to eq. ffTTl) appears because now we have only two 
photon polarizations and the sum over M' in eq. flTUl) gives 2 instead of 3 for the case of 
vector mesons. 
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4 Results 



The couplings of the resonances to the different VB channels are given in Ref. [2] in the 
isospin basis. For the case of uB and (j)B, there is no change to be done, but for the case 
of pB, one must project over the p^B component. Since this depends on the charge of the 
resonance R, the radiative decays will depend on this charge, as we will see. We recall that 
in our phase convention |p'^ ) = — |1, 1) of isospin. The information on the resonances 
and their couplings to different baryons of decuplet and vector mesons p,uj, (p for different 
channels is listed in Table [H We detail the results below. 



S, I 


Channel 












zr = 1850 + i5 






0, 1/2 


Ap 


4.9 + iO.l 










Zr = 1972 + i49 






0, 3/2 


Ap 
Auj 
Act) 


5.0 + i0.2 
-0.1 +i0.2 
0.2 -iO.4 










Zr = 2052 + i 10 






-1,0 


S*p 


4.2 + iO.l 










Zr = 1987 + il 


Zr = 2145 + i58 


Zr = 2383 + i73 


-1,1 


S*p 
E*0 


1.4 + iO.O 
1.4 + iO.O 
-2.1 - iO.O 


-4.3 -iO. 7 
1.3-i0.4 
-1.9 + iO.Q 


0.4 + il.l 
-1.4-i0.4 
2.1 +i0.6 






Zr = 2214 + i4 


Zr = 2305 + i66 


Zr = 2522 + i38 


-2, 1/2 


S*p 
S*0 


1.8 -iO.l 
1.7 + iO.l 
-2.5 -iO.l 


-3.5 - il. 7 
2.0 -iO. 7 
-3.0 + il.O 


0.2 + il.O 
-0.6 -iO.3 
0.9 + i0.4 






Zr = 2449 + i7 






-3, 


VLuj 


1.6 -iO.2 
-2.4 + 20.3 







Table 1: The coupling gi of the resonance obtained dynamically to the pB, uoB and (j)B 
channels. 



4.1 5 = 0,/ = 1/2 channel 

A resonance is obtained at zr = 1850 + i5MeV which couples to Ap. We have in this case 
|Ap,^,^) = \/||A+V) - \/||AV) - \/||AV+) (19) 
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and 



lAfti -i) = Ji|AV) - JilAV) - Ji|AV>. (20) 



The coupling of the resonance to p° is obtained multiplying the coupling of Table [T] 
by the corresponding Clebsch-Gordan coefficient for Ap° of Eqs. f|T9l [201) . Then by means 
of Eqs. f|T7l [T8l) . one obtains the decay width. In this case since the Ap° component is 
the same for = 1/2 and Is = —1/2, one obtains the same radiative width for the two 
channels, which is F = 0.722MeV . 

4.2 S = 0,1 = 3/2 channel 

One resonance is obtained at Zfi = 1972 + i49MeK which couples to Ap, Au and A(f). The 
isospin states for Ap can be written as 

|A,.|4) ^ /flAV) - /f|A-p> (24) 

Since all the Clebsch-Gordan coefficients to Ap*^ are now different, we obtain different 
radiative decay width for each charge of the state. The results are F = 1.402MeV" for 
h = 3/2, F = O.U3MeV for J3 = 1/2, F = 0.203MeV for I3 = -1/2 and F = 1.582MeV 
for /a = —3/2. It is quite interesting to see that there is an order of magnitude difference 
between for 1 = 3/2 and / = 1/2, and it is a clear prediction that could be tested 
experimentally. 

4.3 S = -IJ = channel 

We get a resonance at zr = 2052 + ilOMeV, which couples to S*p. In this case 

|S>,0,0) = \/||S*V) - \/||S*V) - (25) 
and the radiative decay obtained is F = 0.583Me\^. 
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4.4 5 = — 1, / = 1 channel 



Here we find three resonances at zr 
which couple to S*p, T,*u and 



= 1987 + ilMeV, 2U5 + i58MeV and 2383 + i73Me1/, 
The relevant isospin states are 



|sv,i,i) 

|E>,1,0) 



|s*V) + \/ols*V) 



2ls*V) + 



and 



|sv,i,-i) = 

The results obtained in this case are summarized in Table [2l 



/3 


(1987) 


(2145) 


(2383) 


1 


0.561 


0.399 


0.182 





0.199 


0.206 


0.277 


-1 


0.020 


2.029 


0.537 



(26) 
(27) 

(28) 



Table 2: The radiative decay widths in units of MeV for the S = —1,1 
with different isospin projection J3. 



1 resonances 



4.5 S = —2, / = I channel 

Here we also find three states at zr = 22U + i4MeV, 2305 + 266Me\/ and 2522 + i38Me\/, 
which couple to S*p, S*u; and 2*0. The isospin states for S*p are written as 




The radiative decay widths in this case are shown in Table [3l 
4.6 S = —3, / = channel 

Here we have only one state at zr = 2449 + i7MeV, which couples to Qu and The 
radiative decay width obtained in this case is F = 0.330Mel^. 

As one can see, there is a large variation in the radiative width of the different states, 
which should constitute a good test for the model when these widths are measured. 

In Table S] we summarize all the results obtained making an association of our states 
to some resonances found in the PDG[M]. 
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h 


(2214) 


(2305) 


(2522) 


1/2 


0.815 


0.320 


0.044 


-1/2 


0.054 


1.902 


0.165 



Table 3: The radiative decay widths in units of MeV for the S — —2, 1 — 1/2 resonances 
with the different isospin projection 73. 



S,I 


Theory 


PDG data 


Predicted width (KeV) for h 




pole position 
(MeV) 


name 


-3/2 


-1 


-1/2 





1/2 


1 


3/2 


0,1/2 


1850 + i5 


A^(2090) 1/2- 
A^(2080) 3/2- 






722 




722 






0,3/2 


1972 + i49 


A(1900) 1/2- 
A(1940) 3/2- 
A(1930) 5/2- 


1582 




203 




143 




1402 


-1.0 


2052 + ilO 


A(2000) 








583 








-1,1 


1987 + il 

2145 + i58 
2383 + i73 


S(1940) 3/2- 
S(2000) 1/2- 
S(2250) ?• 
E(2455) ?• 




20 
2029 
537 




199 
206 
277 




561 
399 
182 




-2,1/2 


2214 + i4 
2305 + i66 
2522 + i38 


S(2250) ?■ 
S(2370) ?■ 
S(2500) ?■ 






54 
1902 
165 




815 
320 
44 






-3,1 


2449 + i7 


0(2470) ?• 








330 









Table 4: The predicted radiative decay widths of the 10 dynamically generated resonances 
for different isospin projection 73. Their possible PDG counterparts are also listed. Note 
that the E(2000) could be the spin parter of the E(1940), in which case the radiative decay 
widths would be those of the E(1940). 
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5 Conclusions 



We have studied the radiative decay into •jB, with B a baryon of the decuplet of SU(3), of 
the dynamically generated resonances obtained within the framework of the local hidden 
gauge mechanism for vector interactions. The framework is particularly rewarding for the 
study of such observable, since the photon in the final state appears coupling directly to 
the vector V = p^,uj,(j) in the R ^ V amplitudes which are studied in previous works. 
The rates obtained are large and the radiative widths are of the order of 1 MeV. On the 
other hand, one of the appealing features of the results is the large difference, of about one 
order of magnitude, that one finds between the widths for different charge states of the 
same particle. These results are tied to details of the theory, concretely the coupling of 
the resonance to V B, which sometimes produce large interferences between the different 
contributions of the three vector mesons to which the photon couples. As a consequence 
the radiative decay widths that we have evaluated bare much information on the nature 
of those resonances, which should justify efforts for a systematic measurement of these 
observables. We hope the present work stimulates work in this direction. 
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